Objective: Focused cardiac ultrasound (FOCUS) is a useful tool in evaluating patients presenting to the emergency department (ED) with acute dyspnea. Prior work has shown that right ventricular (RV) dilation is associated with repeat hospitalizations and shorter life expectancy. Traditionally, RV assessment has been evaluated by cardiologist-interpreted comprehensive echocardiography. The primary goal of this study was to determine the inter-rater reliability between emergency physicians (EPs) and a cardiologist for determining RV dilation on FOCUS performed on ED patients with acute dyspnea.
A nnually, millions of Americans present to the emergency department (ED) for acute chest pain or dyspnea. 1 Focused cardiac ultrasound (FOCUS), performed at the bedside, has become a vital tool in the evaluation of these patients. Information obtained from a FOCUS examination can aid in the diagnosis, prognosis, and treatment of life-threatening pathology. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Historically, evaluation of the right ventricle (RV) for size and function was mainly performed by cardiology through comprehensive echocardiography. More recently the American College of Emergency Physicians and American Society of Echocardiography have agreed that assessment for RV strain in the ED is helpful in the diagnosis and prognosis of acute pulmonary embolus (PE) and its use can help to prioritize further testing. 2 Additionally, assessment of RV size is a core skill and integral to the practice of emergency medicine residency graduates. 11 In 2014 Taylor and Moore 12 retrospectively examined the ability of emergency physicians (EPs) to detect RV dilation as a marker for RV strain and found moderate agreement compared to comprehensive echocardiography. More recently, Weekes et al. 5, 13 prospectively found that EPperformed FOCUS had excellent overall agreement with comprehensive echocardiography for the detection of RV dysfunction in normotensive patients with acute PE and that FOCUS was more accurate for detecting early severe RV dysfunction than standard biomarkers such as troponin and brain natriuretic peptide.
More generally, beyond assessment for PE, RV dilation is a marker of increased RV afterload. This pathologic increase in RV afterload can arise from treatable conditions such as idiopathic pulmonary hypertension, chronic obstructive pulmonary disease (COPD), pulmonary artery hypertension, sleep disordered breathing, pulmonary hypertension secondary to left heart disease, or chronic thromboemboli.
14-26 RV dysfunction in any of these conditions worsens prognosis. 16, 17, 25, 27 RV dysfunction, in the absence of PE, is frequently unrecognized in the ED despite the poor outcomes associated with it. 4, 14, [16] [17] [18] [21] [22] [23] [27] [28] [29] Prognosis is highly dependent on early detection and proper management. 18, 19 The primary aim of this study was to determine the inter-rater reliability between EPs and cardiology for determining RV dilation in patients presenting to the ED with acute dyspnea. Secondarily, we assessed interrater agreement for detecting and grading tricuspid regurgitation (TR) and identifying the presence of RV dysfunction. RV dysfunction was defined as RV dilation and/or moderate to severe TR. 15 We hypothesized that EP's would reliably be able to detect RV dilation.
METHODS

Study Setting and Population
This was a prospective, observational study of a convenience sample of adult patients presenting to the ED with acute dyspnea from March 2014 to January 2016. Patients were enrolled at two large urban academic EDs with a combined annual census of more than 215,000 patient visits. This study was approved by the institutional review board.
Study Protocol
We included adult patients more than 18 years old with persistent dyspnea and a nonsignificant computed tomographic pulmonary angiography (CTPA) scan. Persistent dyspnea was defined as a patient's subjective feeling of being short of breath at rest while breathing his or her baseline oxygen. A nonsignificant CTPA scan was defined as no acute disease (i.e., no PE, no pneumonia). Patients with chronic lung conditions such as COPD and interstitial lung disease were included. The decision to order a CTPA scan followed standard care practices. All CT scans were interpreted by board-certified radiologists. A subset of patients had comprehensive echocardiography performed as standard care. These examinations were performed by registered diagnostic cardiac sonographers, and final written interpretations were completed by board-certified cardiologists with echocardiography fellowship training.
Patients were excluded if they reported a previous diagnosis of RV dysfunction or failure, were being treated for pulmonary hypertension, or declined to participate (Figure 1 ). Patients were consented and enrolled when a member of the study team or trained sonographer was present in the ED.
All enrolled patients had a FOCUS examination performed using Zonare (ZS3 and Z One Pro, Mindray Zonare) ultrasound machines with the phased array transducer. These studies included the parasternal long axis, parasternal short axis, apical four chamber, subxiphoid, and inferior vena cava views by EPs ranging in experience level from postgraduate year (PGY)-1 residents to emergency ultrasound fellowship trained physicians. At our institution, all PGY-1 residents undergo a 4-week orientation to bedside ultrasound. Each sonographer underwent an additional 1-hour training session with the ultrasound fellowship director focused solely on right heart assessment including RV dilation and TR assessment. FOCUS examinations were performed when study investigators or trained sonographers were present in the ED. This included enrolling patients during clinical shifts and during scanning shifts as part of the resident ultrasound rotation.
Both RV dilation and TR were evaluated using qualitative measurements in the apical four-chamber view. The RV was considered to be dilated with an RV to left ventricle (LV) ratio greater than 1 when measured at the base of the RV and LV at end-diastole. TR was graded as none, mild, moderate, or severe using color flow Doppler over the tricuspid valve in the apical four chamber view. TR was measured qualitatively by looking at the TR jet area and width. 30, 31 We graded severe TR if the regurgitant jet touched the back wall of the right atrium, moderate TR if the jet surpassed 50% of the anterior-posterior diameter of the right atrium, mild if the jet had a small width and was <50% of the anterior-posterior diameter of the right atrium, and none when no jet was visible. We defined RV dysfunction as RV dilation and/or moderate to severe TR. Investigators reported their FOCUS findings on a standardized data collection form, which also included patient demographics and skill level of the sonographer.
Outcome Measures
A board-certified cardiologist with specialty training in echocardiography, blinded to the interpretation of the EP and patient information, reviewed the FOCUS examinations. They determined if RV dilation was present or not and graded TR as none, mild, moderate, or severe. They also recorded their confidence level in image quality and interpretation. The cardiologist interpretation served as the criterion standard for this study.
The primary outcome measure of this study was agreement between EPs and the cardiologist on the presence of RV dilation. This was assessed using raw agreement and kappa (j) statistics. Secondary outcomes assessed agreement using kappa and linearweighted kappa for the presence and grade of TR and presence of RV dysfunction, separately. We also compared independently experienced sonographers and novices to cardiology. We defined expert sonographers as EPs with registered diagnostic medical sonographer certification or ultrasound fellowship training. Novices were PGY-1 through -3. Finally, we compared EP and cardiologist interpretations of FOCUS examinations to comprehensive echocardiography findings in the subset of patients who underwent both examinations.
Data Analysis
Data including patient demographics, medical history, FOCUS results, comprehensive echocardiography results (if applicable), and disposition were input into a REDCap database (Vanderbilt). Statistical analysis was done using Microsoft Excel (Microsoft Corp.) and VassarStats (http://vassarstats.net). Kappa's (j) and raw agreement were calculated with 95% confidence intervals (CIs). A sample size of 50 patients was needed to determine a statistically significant kappa assuming at least 10% prevalence of positive findings, with 80% power to detect a kappa of 0.5 using a onetailed test where the null hypothesis states that kappa is zero.
RESULTS
During the study period 84 FOCUS examinations were performed on 83 patients. Of these 84 examinations, one had inadequate views to determine RV dilation. Fourteen of 83 examinations (17%) had RV dilation. Patient demographics including medical comorbidities, disposition, and final diagnosis can be found in Table 1 . Table 2 lists the number of scans performed based on sonographer experience level. There were 26 different sonographers, 21 were novices and five were experienced.
For our primary outcome, comparing EP-performed FOCUS to cardiologist interpretation for RV dilation, the j value was 0.68 (95% CI = 0.48-0.88) for all experience levels, 0.66 (95% CI = 0.38-0.93) for novices, and 0.67 (95% CI = 0.36-0.98) for experienced sonographers. Raw agreement at all experience levels was 89% (95% CI = 80%-95%). Forty-two of 83 FOCUS examinations (50%) were randomly selected and assessed for EP interobserver reliability. We found 88% (95% CI = 73-95%) agreement and a j = 0.70 (95% CI = 0.46-0.94) between EPs for RV dilation.
TR assessment was only completed in 57 of 84 examinations (68%). In seven patients TR evaluation was not feasible and in 20 patients TR assessment was not performed. A subgroup analysis of these 57 patients found a weighted j = 0.61 (95% CI = 0.46-0.75) comparing EP FOCUS and cardiologist interpretation. Table 3 .
Forty-four of the 84 patient encounters (52%) had a comprehensive echocardiogram performed within 24 hours of FOCUS. When comparing EP interpretations of FOCUS to comprehensive echocardiography for RV dilation the j = 0.52 (95% CI = 0.26-0.78). Agreement for RV dilation was 77% (95% CI = 62%-88%). Similarly, comparing cardiologist interpretations to comprehensive echocardiography for RV dilation j = 0.60 (95% CI = 0.35-0.85).
DISCUSSION
The ability to detect RV dilation as a marker of RV dysfunction is important for diagnosis, risk stratification, and acute management of ED patients with dyspnea with or without PE. CTPA is able to identify structural vascular abnormalities, but is not reliable (7) 5 (7) Other* 0 (0) 1 (1) Comorbidities (%) COPD/asthma 7 (50) 31 (45) Interstitial lung disease 1 (7) 4 (6) Tobacco use (current or quit) 10 (71) 39 (57) CAD 4 (29) 10 (14) Heart failure 5 (36) 9 (13) History of PE 0 (0) 12 (17) OSA 2 (14) 8 (12) Laboratory values BNP, mean (n) † 877 (12) 349 ( †Not all patients had BNP drawn as it was left to the discretion of treating physician. ACS = acute coronary syndrome; BMI = body mass index; BNP = brain natriuretic peptide; CAD = coronary artery disease; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; CP = chest pain; ICU = intensive care unit; OSA = obstructive sleep apnea; RV = right ventricle; SOB = shortness of breath. Data are reported as n (%). PGY = postgraduate year Table 3 Comparison of Emergency Physician to Cardiologist Interpretations* n Kappa (95%CI) Agreement, % (95%CI)
enough to rule out RV dysfunction and is inferior to transthoracic echocardiography for detecting RV dilation. 5, [32] [33] [34] In patients with PE, findings of RV dilation can expedite treatment and predict hemodynamic collapse in normotensive patients. 4, [35] [36] [37] Importantly, in patients without PE, RV dysfunction prognosticates worse outcomes, including increased return visits to the ED, repeat unnecessary chest imaging, hospital readmissions, and increased mortality. 14, 15, 27 Early detection of RV dysfunction, including RV dilation, is critical for improving outcomes. 18, 19 In this study, we found good agreement between EP-performed FOCUS and cardiology for identifying RV dilation. This was true regardless of prior ultrasound experience and with minimal additional training for novice sonographers.
Past studies have examined agreement between EPperformed FOCUS and comprehensive echocardiography for RV dysfunction. Weekes et al. 5 prospectively reported 100% sensitivity and 99% specificity for identification of RV dysfunction in normotensive PE patients. They also found that FOCUS was more accurate for detecting RV dysfunction than standard biomarkers alone. Taylor and Moore 12 retrospectively found moderate agreement, with a kappa of 0.44, between EP-performed FOCUS and comprehensive echocardiography. These studies were limited by either a retrospective study design or extensive sonographer level of experience. Our study differs from these prior studies in that we identified symptomatic patients with pulmonary hypertension and RV dysfunction without acute PE. Additionally, we had 26 different sonographers performing FOCUS examinations with 21 being novice sonographers.
Secondarily, we evaluated inter-rater reliability of EPs to detect and grade TR, as well as RV dysfunction, which we defined as RV dilation and/or moderate to severe TR. For TR we used qualitative measurements in lieu of complex formulas 38, 39 that are performed during comprehensive echocardiography, to make this assessment more applicable to general clinical practice. TR was completed in a subset of patients (68%) and, overall, we found good agreement when compared to cardiology. Novices (j = 0.74) outperformed experienced sonographers (j = 0.54). Experienced sonographers were more likely to overcall the presence and grade of TR. For overall RV dysfunction assessment, there was moderate agreement for the presence of RV dysfunction when compared to cardiology. This discrepancy in agreement for RV dysfunction is likely attributable to the difficulties acquiring and grading TR images. Despite the moderate to good agreement for determining RV dysfunction and TR further investigation with more extensive training in TR assessment may be needed.
Over half of the study patients had a comprehensive echocardiogram performed within 24 hours of FOCUS. When comparing EP interpretations of FOCUS and cardiology interpretations of FOCUS to comprehensive echocardiography for RV dilation, we found moderate to good agreement, which is similar to previous literature. 12 These differences in ultrasound interpretations may be the result of the time lag between comprehensive echocardiography and FOCUS image acquisition, due to the quality of FOCUS examinations, or due to the sonographer's level of experience.
This study has shown that EP sonographers, both novice and experienced, can detect RV dilation in patients presenting to the ED with acute dyspnea. The data from our study combined with prior studies show that EPs are able to detect RV dilation in patients with and without acute PE. These findings on FOCUS in turn may guide acute treatment and disposition. Future research should focus on how findings of RV dysfunction, including RV dilation, impact acute 
LIMITATIONS
This study has several limitations that could limit its generalizability. We enrolled a convenience sample of patients when study investigators or trained sonographers were available to perform the FOCUS examinations, which may have introduced selection bias. Sonographers may have been biased as they were not blinded to a patient's physical appearance. This is of minimal significance as patients were covered and clinical gestalt is unreliable for determining etiology of dyspnea. 40 Additionally, in comparing patients with and without RV dilation, there was no statistically significant difference in having a past medical history of COPD. Our small sample size led to wider CIs; however, our results were consistent with prior literature. 5, 12 The criterion standard for this study was a single cardiologist interpretation of EP-performed FOCUS examinations and not comprehensive echocardiography. This study design has been used previously. 7, 41 Over 50% of study patients had a comprehensive echocardiogram performed as standard care within 24 hours of FOCUS. The time lapse between FOCUS and comprehensive echocardiography limited its utility as a criterion standard for this study. Finally, as part of our study design we did not include patients with acute PE. All of the prior literature on EP's ability to assess RV size and function focuses specifically on patients with acute PE. Our study aimed to assess for RV dilation and dysfunction in persistently symptomatic patients without acute PE, to identify short of breath ED patients with RV dilation and pulmonary hypertension.
CONCLUSION
Emergency physicians can diagnosis right ventricular dilation on focused cardiac ultrasound with good agreement with cardiology. These results support the wider use of emergency physician-performed focused cardiac ultrasound to evaluate for right ventricular dilation in dyspneic ED patients.
